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ABSTRACT 

We present analyses of CDF top-candidate events which study the separation 
of signal from background using easily-defined kinematic variables, and which 
study invariant masses of three-body systems to fully reconstruct the top quark 
decay products. 

1. Introduction 

To check whether the CDF data are consistent with a significant top content, 
various techniques involving the event kinematics have’ been attempted. One method 
to be discussed here is to find simple kinematic quantities which can provide sufficient 
background rejection. We find that using various combinations of jet energies provides 
the needed discrimination. We also discuss our method of fully reconstructing events 
under the hypothesis of top decays, which provides us with our estimate of the top mass. 
Both methods use the “lepton+jets” event, sample described in these proceedings3 as 
opposed to the “dilepton” events4 to take advantage of the increased branching ratio 
and the less-ambiguous event structure. 

2. Kinematics 

We expect that the most significant background to the top signal in lepton+jets is 
standard production of W bosons with associated QCD production of jets; our estimates 
of other backgrounds (due to lepton misidentification, 2 decays, dibosons, and others) 
are at least an order of magnitude lower .l The jets produced by QCD processes are 
produced, on average, with less transverse energy than jets from tS events. This leads 
reasonably to comparisons between jet energies in t? events and in W+jet events from 
Monte Carlo. 

To generate tS events, we have used both the ISAJET Monte Carlo5 (using the 
CLEO fragmentation scheme for 6 hadron@) and the HERWIG Monte Carlo7 for pur- 
poses of comparison. We use the VECBOS Monte Carlos to generate W+jet events. 

Jets are defined by clusters of energy found in the calorimeters using a cone of 
fixed size in q-4 space .’ In both Monte Carlo and detector data, the calorimeter en- 
ergy has a correction applied to take into account detector nonlinearities, energy lost in 

*Representing the CDF Collaboration. 
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Fig. 2. Plot of second-highest E, jet US. 

Fig. 1. Comparison of first-, second-, and third-highest for background MC, mtop = 

third-highest E, jets in ISAJET (solid line) 14’ MCy mto~ = 160 MCy and detector 

and VECBOS (dashed line) events. Curves data* The diagona1 line (ET2 + ET3 = 
are normalized to unit area. 71 GeV) is chosen such that half the back- 

ground events lie below it. 

gaps between detectors, energy lost due to particles falling outside the fixed-size cone, 
and other effects.” The jet energy transverse to the beam line (ET) is compared between 
VECBOS and tZ Monte Carlos after this correction has been applied. Figure 1 shows 
this comparison for VECBOS and ISAJET (mtop = 170 GeV) for the highest, second- 
highest, and third-highest E, jets in events which pass the W+> 3-jet criteria.3 The 
difference between background and signal becomes more evident when scatter plots of 
the second-highest 21s. the third-highest E, jets are viewed (Fig. 2). The 52 events of the 
detector data are also shown in Fig. 2. Top events are expected to populate the high-E, 
region of this plot much more heavily than W+jet background; of the 52 events, 39 lie 
in the high-E, region defined in Fig. 2, and of the 10 tagged events, eight are in this 
region. Work is currently in progress to reduce systematic uncertainties (mainly jet 
energy scale and jet energy corrections), to improve understanding of the background, 
and to make the analysis more quantitative. 

3. Mass Analysis 

The mass analysis adds a loose fourth-jet requirement to the W+3-jet event 
selection; forms appropriate invariant masses with the four highest-E, jets, the lepton, 



-PP - tTx 

i 
L W-ii 

L 1 v1 

L y +b 

L a’ 

known unknown 

p’s 8 0 
t’s 1 7 
x 2 2 

L 
W’s 2 6 
b’s 8 0 
q’s 8 0 
I 4 0 
V 1 3 

34 18 

5 vertices - 20 equations 
13 4-vectors - 52 variables 18 unknowns - “2C” fit 

Fig. 3. Counting constraints in W+4-jet event. See Ref. 1 for more details. 

and a vector representing the assumed neu- 
trino; and performs a constrained fit un- 
der the hypothesis of top decay. Rather 3 
than taking the attitude that an invari- 
ant mass analysis can separate signal from 
background, we use the heavy-flavor tag- 
ging to provide both background reduction mu 2 - 
and reduction in combinatorics. In the hy- $ 
pothesized decay system as we specify it 5 _ 
(see Fig. 3), there are two more constraints 6 - 

3:: _ 0 7 
32 

150 160 170 IBO 190 

Top Mass (GeV/c2) 

than unknowns, thus allowing a fit. Note Al- ..1 
that the dilepton system would then have :.. 

one more unknown than constraints; work 
._ 

is in progress in deciding the best method 
:.. -. -: ,.A _ .-., 

.+- --- :..& 
--LL,+ ‘--.., 

of removing this degree of freedom. 0 *f** I‘,,,l,,, 
la, 150 MO- 2m m 

In order to completely reconstruct the Top Mass (GeV/c2) 

decay products of the hypothesized top de- 
cays, we must therefore require at least 
four jets in the events. Because of our Fig. 4. Top mass distribution for data 

small amount of data, we loosen the clus- (solid histogram), W+jets background 
ter requirements on the fourth jet to E, > (dots), and the sum of background and 
8 GeV, 171 < 2.4 to improve our statistics. Monte Carlo with mtop = 175 GeV 

We also require the presence of an SVx (dashes). Background is normalized to 1.4 
or SLT tagged jet in the event; of the ten events. Inset shows likelihood fit for top 
tagged events observed in the 1992-93 CDF mass. 
run, seven pass the loose fourth-jet requirement. Of these, we estimate a contribution 
of 1.4ff:y events from non-t? processes. 

In forming invariant masses (under the assumptions of Fig. 3), we consider only 
the four highest-E, jets in each event. Of the 12 ways to associate these four jets with 



the final-state quarks, we consider only those where the tagged jet is assigned to a b 
quark, leaving six possibilities (reducing combinatoric background and improving mass 
resolution); however, there are in general two possible solutions for the z-momentum of 
the neutrino satisfying the W mass constraint, giving 12 potential event configurations. 

The main difficulty (and source of systematic error) is making the connection 
between energy measured in the ‘calorimeter and quark momentum; the correction 
function referred to in Section 2 above is not sufficient, mainly due to the possible 
presence of muons and neutrinos in b-quark jets. We have therefore developed correc- 
tions specifically for jets from W decays, and for b jets with and without semileptonic 
decays, and applied these to correct the jets in the candidate events before mass fitting. 
Details of these corrections can be found in Ref. 1. 

A x2 is formed using the uncertainties in measurement of the leptons and the 
uncertainty in making the jet-quark connection mentioned above. This x2 is minimized 
subject to the mass constraints of the problem for each of the 12 event configurations. 
We choose the lowest-x2 configuration with m top < 260 GeV as giving our best estimate 
of the mass for that event. 

To get a best mass for the experiment, we begin by computing mass spectra for 
tZ Monte Carlo events at various values of mtop, and for W+jet Monte Carlo. We then 
fit our observed mass distribution to a linear combination of signal and background, 
subject to our background estimate given above. The likelihood for these fits can then 
be plotted as a function of mtop to find the best overall mass and its statistical error. 
This information is summarized in Fig. 4, with the inset plot showing the likelihood 
fit and the main plot displaying the mixture of signal and background spectra super- 
imposed on the data. Details of systematic errors can be found in Ref. 1; our result is 
mtop = 174 f lO$iz GeV/c’. 
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